Multimodal treatment options for advanced gastroenteropancreatic neuroendocrine tumours (NET) of jejunum/ileum and of pancreatic origin are reviewed.
staging of NET; surgery of the primary tumour in distant metastasised disease; surgery of metastatic liver disease and impact on survival; somatostatin analogues for symptom control and for tumour control; selective internal radiation therapy with 90Y-microspheres as novel local ablative therapy in liver metastases; peptide receptor radionuclide therapy; novel chemotherapy regimens (eg, temozolomide) and novel targeted therapies (eg, sunitinib and everolimus).
Neuroendocrine tumours (NET) of the gastroenteropancreatic system can originate from every part of the gastroenteropancreatic system and have been classified during the past decade as benign well-differentiated NET, malignant well-differentiated neuroendocrine carcinomas (NEC) and poorly differentiated NEC.
1e3 Specific hormone hypersecretion-related functional syndromes (eg, carcinoid syndrome, insulinoma, gastrinoma and others) are only present in approximately 20e30% of all patients with NET. 4e6 National databases 6e8 and tertiary referral centres 5 have shown that the primary tumour location of NET of the gastroenteropancreatic system is frequently in the jeunum/ileum or in the pancreas with 16e29% or 31e34%, respectively. NET in the jeunum/ileum and in the pancreas have been shown to present at diagnosis with regional or distant metastasised disease in 71e89% and 54e86% of cases, respectively. 5e7 Therefore, from an oncological point of view, NET of the jejunum/ ileum and of the pancreas are the most common primary tumour entities of NEC within the gastroenteropancreatic system. 5e7
STAGING, GRADING AND PROGNOSTIC FACTORS
Numerous prognostic markers for gastroenteropancreatic NET have been described. 9 10 In the clinical routine, important prognostic markers of gastroenteropancreatic NET are primary tumour localisation, tumour grading including proliferation index Ki-67 (Mib-1), tumour staging and pattern of hepatic tumour load.
NETof the pancreas have a poorer prognosis than NET of the jejunum/ileum. 5 7 NET of the pancreas and NET of the jejunum/ileum accumulate different patterns of genetic defects during tumour transformation. They must thus be regarded as different tumour entities.
11 Both tumour entities differ not only in their tumour biology but also in their clinical behaviour and prognosis. In a total of 35 618 NET, registered in the Surveillance, Epidemiology and End Results (SEER) Programme from 1973 to 2004, the median survival rate was 88 months in NET of the jejunum/ileum versus 42 months in pancreatic NET. 7 Regional metastatic disease was present in 41% of all NET of the jejunum/ileum and in 22% of all pancreatic NET. However, distant metastatic disease was present in 30% of all NET of the jejunum/ileum and in 64% of all pancreatic NET. In NET of the jejunum/ileum and in pancreatic NET 5-year survival rates were 71% versus 62% in regional metastatic disease and 54% versus 27% in distant metastatic disease. 7 In a single centre retrospective analysis of 104 ileum and 98 pancreatic NET, Pape et al 5 reported a 5-year survival rate of 90% versus 69% and a 10-year survival rate of 63% versus 62%. The beneficial impact of large volume centres on survival outcomes still needs to be assessed. Still this may explain the different data from national registries versus single large volume centre series. 5 Bilimoria et al 12 reported data from the National Cancer Data Base (1985e2004) of 3851 patients who underwent surgery for pancreatic NET. Overall survival rate was 59.3% at 5 years and 37.7% at 10 years. 12 In a multivariate Cox proportional hazard model, highly significant negative prognostic factors were high-grade histology (HR 2.03, 95% CI 1.41 to 2.92, p<0.0001), liver metastases (HR 1.71, 95% CI 1.36 to 2.14, p<0.0001) and other distant metastases (HR 3.78, 95% CI 1.51 to 9.43, p<0.0001) .
12 These data thus reveal that NET have a poorer prognosis than previously assumed and implied by the historic term 'carcinoid'. system 2000 envolved stage-related information to discriminate between well-differentiated endocrine tumours and well-differentiated endocrine carcinomas. 1e3 The novel WHO classification 2010 13 14 assumes neuroendocrine neoplasms as a category to be potentially malignant. The novel histopathological grading system discriminates NET G1 (carcinoid), NET G2, and NEC of small cell and large cell type. In order to address the dignity and prognosis of a neuroendocrine neoplasm, the novel WHO classification 2010 13 14 combines histopathological grading and tumour site-specific tumourenodeemetastasis (TNM) staging. For example, a local or distant metastasised NET G1/G2 according to WHO classification 2010, would have been classified as well-differentiated NEC according to WHO classification 2000. On the other hand, a small cell or large cell NEC according to WHO classification 2010 would have been classified as poorly differentiated NEC according to WHO classification 2000. To avoid misunderstandings in clinical routine, medical reports should name the WHO classification system and the TNM classification system used. The nomenclature of the WHO classification system 2000 may still be used in addition to the WHO classification system 2010. 13 14 Nevertheless, in the current literature, NET of the jejunum/ileum are still often termed 'midgut carcinoid', while NET of the pancreas are still often named 'islet cell tumour' or the WHO classification 2000 has been used. Therefore, in this review the term 'neuroendocrine carcinoma' is still used to refer to well-differentiated endocrine carcinomas in accordance with the literature cited. 3 13 19 all equally define a grading system based upon the proliferation index Ki-67 and/or mitotic index with low-grade G1 tumours (Ki-67 #2%, mitotic count <2 per 10 high-power field; HPF), intermediate-grade G2 tumours (Ki-67 3e20%, mitotic count 2e20 per 10 HPF) and highgrade G3 tumours (Ki-67 >20%, mitotic count >20%). These three-tiered grading systems including the proliferation index Ki-67 (Mib-1) and/ or the mitotic index have been demonstrated to be high impact prognostic markers for NET.
12 21e25
For example, in a series of 202 upper gastrointestinal NET Pape et al 23 demonstrated that G1 tumours (Ki-67 #2%), G2 tumours (Ki-67 3e20%) and G3 tumours (Ki-67 >20%) showed a 5-year survival rate of 95.7%, 73.4% and 27.7%, respectively. 23 The prognostic importance of histopathological grading has also been demonstrated in a series of 324 patients with pancreatic NET. In a multivariate analysis, significantly negative prognostic markers were a proliferation index Ki-67 greater than 2% (HR 5.2, CI 95% 1.8 to 15.0, p¼0.002) or histologically poorly differentiated NEC (HR 9.9, CI 95% 2.9 to 34.0, p<0.001).
21 Therefore, histopathological grading including proliferation index Ki-67 is essential for prognosis and is highly recommended for the clinical routine. well-differentiated functional and non-functional NET of the jejunum/ileum. < Temozolomide plus capecitabine is a novel promising chemotherapy protocol in pancreatic NEC, which merits further evaluation. < Selective internal radiation therapy with 90Y-microspheres is a novel local ablative strategy in disseminated liver metastases. < Novel targeted therapies with the mammalian target of rapamycin (mTOR) inhibitor everolimus or the multikinase inhibitor sunitinib, both improve progression-free survival in NEC of the pancreas. Sunitinib has been approved by the European Medicines Agency (EMA) for this indication in 11/2010. Everolimus may also be expected to get approved in the near future. < Neoadjuvant and adjuvant therapeutic strategies for liver surgery of hepatic metastasised NEC are urgently needed. Further research should address this issue.
(HR 3.4, 95% CI 1.4 to 8.3, p¼0.01) and initial surgery (HR 0.3, 95% CI 0.1 to 0.8, p¼0.01). 37 In another series of 119 patients with hepatic metastases of NEC, 38 5 and 10-year survival rates were 100% both in the subgroup with single liver metastasis, versus 84% and 75% in the subgroup with isolated metastatic bulk accompanied by smaller deposits, versus 51% and 29% in the subgroup with disseminated metastatic spread. 38 Interestingly, in the PROMID study a greater than 10% metastatic tumour load of the liver was defined as a negative prognostic factor for tumour response to biotherapy in 85 patients with nonresectable metastasised NEC. 35 In 310 patients with non-resectable NEC, treated with 177Lute-tium-DOTA-Tyr3-octreotate (177Lu-DOTA-TATE), extensive liver involvement was found to be a negative prognostic factor for survival after peptide receptor radionuclide therapy (PRRT).
39
The prognostic impact of clinically functional versus non-functional tumours is controversial.
12 21 22 36 While some studies found no prognostic effect of the functional status in NET of the pancreas, 21 36 others reported non-functional tumours 22 or vice versa functional tumours 12 as predictors of improved survival.
SURGERY OF THE PRIMARY IN LOCAL DISEASE AND IN METASTASISED DISEASE
Surgery of NET is the sole curative option. Surgery of the primary tumour may be also advantageous in well-differentiated NEC with local lymph node and distant liver metastasis according to concepts of 'debulking' for tumour mass reduction.
In NEC of the midgut, resection of the primary has been reported to be an independent positive predictor of survival.
40 41 In a single centre study series by Hellman et al 41 in 314 patients with midgut carcinoid tumours, the median survival was 7.4 years in the primary resected group versus 4.0 years in the primary non-resected group. In the multicentre study UKINETS, 40 with 360 patients with midgut carcinoid tumours, resection of the primary was an independent positive predictor of survival. In contrast, no significant survival benefit of primary tumour resection was reported in two other series of metastatic NEC.
24 35 Following total surgery of midgut NET, tumour recurrence has been observed in 59%, with a median time to recurrence of 32 months. 42 Resection of the primary tumour with mesenteric lymph nodes due to oncological criteria is also recommended in the presence of unresectable liver metastasis in patients with welldifferentiated NEC of the jejunum/ileum by guidelines from ENETS 2008 , 43 NCCN 2009 44 and NANETS 2010 The rationale for this recommendation is to avoid desmoplastic reaction with bowel obstruction and/or bowel ischaemia reaching a situation in which only the liver metastases need further treatment.
In NEC of the pancreas, aggressive surgery of the primary has also been reported not only in local but also in distant disease with liver metastasis. 46 In a retrospective survival analysis of 728 patients 
SURGERY OF LIVER METASTASES
Surgery of synchronous or metachronous liver metastases in well-differentiated NEC is recommended when complete resection or debulking more than 90% of the tumour load seems feasible.
55
In patients with extended bilobar liver metastases, the feasibility of a two-step resection should be evaluated in an experienced centre.
55 56 Using the two-step approach non-anatomical limited resection of liver metastases in the left liver plus right portal vein ligation is followed consecutively by right hemihepatectomy after an adequate hypertrophy of the left liver has been reached. 55 
RADIOFREQUENCY ABLATION AND TRANSARTERIAL CHEMOEMBOLISATION
When surgery seems unfavourable, radiofrequency ablation (RFA) of liver metastasis in NEC may be considered in metastases of fewer than five lesions and metastases with a size less than 5 cm.
66 RFA results in a symptomatic response with a better control of functional syndromes due to specific hormone excess in approximately 70e80% 67e69 and a duration of symptom control of 6e24 months.
67 69 Local tumour recurrence following RFA occurred in only 6% of NEC, 68e70 while local tumour recurrence tended to occur more often in metastases with a higher Ki-67. 68 The local recurrence rate following RFA of liver metastasis is dependent on the respective tumour type, as has been reported in a large series of 1032 unresectable liver tumours. Local recurrence rates have been reported as follows: 6% in NEC; 18% in hepatocellular carcinomas; and 34% in colorectal cancer.
70
Further important prognostic factors for local tumour recurrence following RFA of liver metastases are tumour size, ablation margin, and blood vessel proximity. 70 No controlled data on overall survival following RFA and comparison of RFA with other local ablative methods are currently available. Side-effects and complications of RFA include pain, bile leakage, liver abscess, intraabdominal haemorrhage, pneumothorax and pleural effusion. 66 A biochemical response measured by a reduction of urinary 5-hydroxyindolic acetic acid (5-HIAA) and serum chromogranin A levels after TAE seems to correlate positively with prolonged survival in a recent series of 107 patients with liver metastasis of midgut carcinoid tumours. 77 A common side-effect of TAE and/ or TACE is a post-embolisation syndrome with abdominal pain, nausea, vomiting, fever and an increase in hepatic transaminases.
71 74 75 Severe but rare complications are liver failure, cholecystitis, gastric ulcers and bleeding, liver abscess or carcinoid crisis.
71 74 75 The incidence of severe complications is minimised by superselective catheterisation, embolisation of a limited number of liver segments during a single intervention in cases with high tumour load of the liver and pretreatment with a somatostatin analogue in functionally active tumours.
71 74 75 Current clinical phase II trials are investigating drug-eluting beads with doxorubicin for TACE in NEC 78 79 (http://ClinicalTrials. gov/ identifier: NCT00730483) and a combination of TACE with the multikinase-inhibitor sunitinib in NEC (http://ClinicalTrials.gov/ identifier: NCT00434109). A combination of TAE or TACE with inhibitors targeting angiogenesis or receptorassociated kinases seems an attractive strategy as embolisation of tumour tissue might cause a flairup of different growth factors including vascular endothelial growth factor (VEGF).
RADIO-EMBOLISATION WITH 90Y-MICROSPHERES
Selective internal radiation therapy (SIRT) by radio-embolisation of liver metastases with radioactive 90Y-resin microspheres (SIR-Sphere; SIRTEX Medical, Wilmington, USA) or 90Y-glass microspheres (TheraSphere; MDS Nordion, Ottawa, Canada) is currently employed to treat inoperable disseminated hepatic tumours in patients with hepatocellular carcinoma, colon cancer, breast cancer and NEC. SIR-Sphere microspheres are 20e60 mm in diameter and the radioactivity load is only approximately 50 Bq per single microsphere. Approximately 30e60310 6 SIR-Sphere microspheres are implanted and create a profound embolisation effect. TheraSphere microspheres are also 20e30 mm in diameter, but the radioactivity load is much higher with approximately 2500 Bq per single microsphere. As significantly lower numbers of TheraSphere microspheres are required to reach equivalent radiation dosages, the embolisation effect is only minor. SIR-Sphere is approved as a medical device for the treatment of liver metastasis from colon carcinoma in the USA, Australia and Europe. TheraSphere is approved as a medical device for treatment in patients with unresectable hepatocellular carcinoma in the USA, Canada and Europe. Both applications are expensive and reimbursement varies regionally. Kennedy et al 80 reported in a large multicentre series of 148 patients with liver metastases of NEC, SIRT by radio-embolisation with 90Y-resin microspheres (SIR-Sphere) to deliver a median activity of 1.14 GBq (0.33e3.30 GBq). Within 3 months, a complete tumour response was found in 2.7%, a partial response in 60.5%, stable disease in 22.7% and progressive disease in 4.9%. 80 The median survival was 70 months. So far, SIRTwith 90Y-microspheres demonstrates radiological tumour response rates and symptomatic response rates within the range of non-radioactive embolisation techniques such as TACE and TAE in NEC. Still, the superiority of SIRT versus TACE/TAE in NEC may only be assumed based upon theoretical considerations. A significantly improved tumour response has only been published in a single study in hepatocellular carcinoma. 90 Controlled studies of SIRT versus TACE/TAE are needed in NEC.
PEPTIDE RECEPTOR RADIONUCLIDE THERAPY
PRRT of NEC has already been extensively reviewed.
91e95 PRRT is currently based on labelled somatostatin analogues with high affinity to the somatostatin receptor subtype 2, being expressed by 80e95% of all NET. The currently most frequently used radiopharmaceuticals for PRRT of NEC are 90Yttrium-DOTA-Tyr3-octreotide (90Y-DOTA-TOC), 90Yttrium-DOTA-Tyr3-octreotate (90Y-DOTA-TATE), and 177Lutetium-DOTA-Tyr3-octreotate (177Lu-DOTA-TATE). Adequate tumour uptake in 111In-DTPA-octreotide (111In-pentetreotide) scintigraphy (Octreoscan; Covidien -Mallinckrodt Imaging, Hazelwood, MO 63042, USA) is an essential prerequisite when considering PRRT as a therapeutic option.
96 Novel somatostatin-based positron emission tomography (PET) imaging techniques such as 68Ga-DOTATOC-PET or 68Ga-DOTATATE-PET 97 are also increasingly used to evaluate adequate tumour uptake before PRRT. Somatostatin receptor subtype 2 immunohistochemistry only modestly correlates with the in-vivo standardised uptake values (SUV) in diagnostic 68Ga-DOTATOC-PET 98 and 68Ga-DOTATATE-PET.
99 A pre-therapeutic high intensity of tumour uptake in 111In-DTPA-octreotide scintigraphy (Octreoscan) 39 95 seems to be a positive predictor of tumour remission in PRRT. Similarly, significantly higher SUV max of NET in pretherapeutic 68Ga-DOTATATE-PET has been observed in responders versus non-responders to PRRT.
100 Even 111In-DTPA-octreotide scintigraphy (OctreoScan) negative tumours frequently still demonstrate specific uptake in 68Ga-DOTATATE-PET 101 and thus finally might qualify for PRRT. The potential value of these specific PET/CT techniques as a functional imaging modality to predict early tumour response in the follow-up after PRRT is not confirmed 102 The reported median progression-free survival (PFS) rate was 33 months and the median overall survival rate from the start of PRRT was 46 months. 39 However, in that study only 43% of all patients had documented progressive disease before PRRT treatment. Disease-specific survival was greater than 48 months in patients with tumour remission or stable disease as treatment response to PRRT, while progressive disease was associated with only 11 months (p<0.01).
39 Disease-specific survival was also significantly and negatively affected in patients with extensive liver involvement, Karnofsky performance status less than 70%, weight loss and bone metastases, as well as functional activity of pancreatic NEC. 39 These data suggest that treatment with PRRT might be beneficial at an early stage of disease. However, in contrast to this, most centres use PRRT in pretreated patients with an advanced tumour stage. Due to limited data and no randomised controlled studies on the efficacy and possible long-term side-effects of PRRT, its current application is mostly restricted to a second or thirdline therapy. Patients who have initial benefit from PRRT with 177Lu-DOTA-TATE but have tumour progression later on, may benefit from a second PRRTwith 177Lu-DOTA-TATE as salvage therapy.
109
Side-effects of PRRT have been reported by Kweekeboom et al 39 in 510 patients treated with 177Lu-DOTA-TATE such as haematological toxicity grades 3 and 4 in 9.5%, myelodysplastic syndrome in 0.8%, renal toxicity grade 4 in 0.4%, severe liver toxicity in 0.6% and the occurrence of a carcinoid crisis in 1%. Renal toxicity is lower with 177Lutetium than with 90Yttrium.
110 Long-term renal toxicity has been calculated to result in a loss of creatinine clearance per year of 3.8% following 177Lu-DOTA-TATE and of 7.3% following 90Y-DOTA-TOC. The maximum tolerated cumulative dose to the kidney has been defined as 27 Gy. 96 The administration of amino acid infusions with arginine/lysine is the current standard protocol during PRRT treatments. 96 This minimises re-uptake of the radiopharmaceutical in the renal tubulus causing a minimised radiation dosage to the kidneys.
115
The side-effects of PRRT might be further minimised in the future by using novel radionuclides such as the alpha-emitter 225actinum, 116 or novel nephroprotective agents.
114 117 One major exclusion criterion for PRRT is insufficient renal function. While a creatinine clearance greater than 40 ml/min has been suggested as a cut-off for PRRT, 96 we recommend an even more restrictive cut-off. In patients who do not qualify for PRRT due to impaired renal function or insufficient tumour uptake of radiopharmaceuticals with somatostatin receptor affinity, systemic radiotherapy with 131I-meta-iodobenzylguanidine should be evaluated and considered as an alternative therapeutic option.
45 118e120 Strategies to improve further the therapeutic efficacy of PRRT in future include a combination of PRRT with chemosensitisers such as 5-fluorouracil, 121 capecitabine 122 or temozolomide.
123

EVALUATION OF TREATMENT EFFICACY IN NEC: LIMITATIONS AND FUTURE REQUIREMENTS
The efficacy of different therapeutic strategies in NEC is difficult to compare due to the lack of randomised head-to-head studies. The interpretation and comparison of various published study results in NEC are often hampered by small patient numbers and heterogeneous inclusion criteria (eg, time since diagnosis, progressive versus nonprogressive disease, tumour grading, tumour staging, primary tumour location, resected vs nonresected primaries, low vs high hepatic tumour load). Data on treatment outcomes from different studies are thus not directly comparable and must be interpreted with caution. In addition, prospective placebo controlled or standard controlled studies are still missing and are urgently needed in order to demonstrate a beneficial effect on the overall survival and quality of life in patients with NEC for most therapeutic strategies. In addition, the efficacy of chemotherapeutic regimens in solid tumours has been classically assessed by a change in tumour size using the WHO criteria, the RECIST criteria or the modified RECIST (version 1.1.) criteria.
124 125 However, most novel anti-angiogenic and molecular targeted therapies in solid tumours cause inhibition of tumour growth rather than regression of tumour size. Therefore, these novel therapies often show low response rates by RECIST criteria, despite their Tumour size measurement according to RECIST criteria does not reflect the possible therapeutic benefit of these therapies in NEC. Data based on tumour regression are not always sufficient to compare the efficacy of different therapeutic strategies. Instead, TTP or PFS are alternatively often determined in current studies with novel targeted therapies. TTP or PFS measure the biological activity of cytostatic as well as cytotoxic therapies on tumour burden. They are important parameters to evaluate the biological activity of novel therapies in tumour patients and gain an accelerated approval endpoint. 129 However, TTP and PFS may not provide reliable evidence that a novel therapy is also of clinical efficacy for the patient. 129 Clearly, overall survival data are needed. However, multimodal and multisequence treatment strategies in NEC will make it difficult to obtain sufficient study data employing overall survival as the primary endpoint in future. A novel integrated approach is needed to evaluate therapeutic efficacy efficiently.
130 This approach will have to include functional imaging and biomarkers 9 131 as prognostic indicators, as well as PFS, quality of life 132 and overall survival. reported in patients without documented progressive disease (studies n¼8, patients n¼183) a partial response in 8% and a stable disease in 60%, while in patients with documented progressive disease (studies n¼6, patients n¼201) a partial response was seen in 3% and stable disease in 44%.
BIOTHERAPY WITH SOMATOSTATIN ANALOGUES AND INTERFERON Somatostatin analogues
136
To summarise, in these non-randomised heterogeneous study populations, tumour stabilisation during therapy with somatostatin analogues was observed in approximately 40e60%, 136e138 141 with a reported median duration of stabilisation of 9.5e26 months.
136 138 Tumour stabilisation rates are lower in patients with previously progressive disease.
136 138 Spontaneous partial tumour remissions are rare events.
136 137 141 The role of somatostatin analogues for tumour control has been controversially discussed, as these non-randomised studies with heterogenous patient cohorts do not allow an evidence-based judgement on a putative antiproliferative effect of somatostatin analogues.
The placebo-controlled PROMID study has recently demonstrated for the first time in a doubleblind, prospective, randomised trial a superior effect of octreotide LAR against placebo in the control of tumour growth in patients with metastatic neuroendocrine midgut tumours. 35 The PROMID study enrolled 85 patients with metastatic neuroendocrine midgut tumours. The majority of all patients demonstrated a tumour proliferation index Ki-67 of up to 2% (95.3% of all patients), a positive Octreoscan (74.1% of all patients) and a minor liver tumour load of up to 10% (75.3% of all patients). An interim analysis of the PROMID study revealed that the median time to tumour progression was 14.3 versus 6.0 months in the octreotide LAR group versus the placebo group, with a HR of 0.34 (95% CI 0.20 to 0.59; p¼0.000072).
35 Stable disease at 6 months of treatment was reported in 66.7% versus 37.2% of the patients in the octreotide LAR group versus the placebo group. 35 Nevertheless, the PROMID data have to be interpreted with caution. 142 An imbalance in the time to diagnosis in both treatment arms might have favoured the octreotid LAR arm due to the enrolment of patients with more indolent disease. 142 The PROMID study also does not answer the following clinically important questions: (1) is it advantageous to wait until tumour progression or to treat at initial diagnosis? (2) is there any effect on overall survival regarding early treatment? (3) can these data be extrapolated to patients with NET with Ki-67 greater than 2% and hepatic tumour load greater than 10%?. 142 The NCCN guideline 2009 44 143 and the NANETS guideline 2010 45 discuss the use of octreotid LAR for controlling tumour growth in functioning as well as non-functioning well-differentiated NEC of jejunum/ileum as a possible therapeutic option. However, use of the 'wait and see' strategy for a few months after initial diagnosis of a well-differentiated asymptomatic NEC in order to assess tumour growth dynamics is still another option according to current guidelines. 44 143 Another phase III, randomised, double-blind, stratified comparative, placebo controlled study of somatostatin analogues for tumour control is still ongoing. That study will assess the effect of lanreotide autogel 120 mg administered every 28 days on tumour PFS in patients with nonfunctioning entero-pancreatic endocrine tumours (http://ClinicalTrials.gov/ identifier: NCT00353496).
Initial therapy with short-acting octreotide 50e200 mg subcutaneously three times a day, followed by subsequent application of slow-release octreotide LAR 10e30 mg deep intramuscularly every 3e4 weeks or lanreotide autogel 60e120 mg deep subcutaneously every 4e6 weeks is recommended. 43 136 However, these data have to be interpreted with caution as in earlier studies the observation time was too short. 136 A current phase III trial compared chemotherapy with streptozotocin plus 5-fuorouracil versus interferon-alpha2a (3 MU33 per week) in 64 patients with progressive advanced metastastic carcinoid tumours of different primary tumour location. 146 The median PFS (WHO criteria, biochemical progression or death) was 5.5 months for chemotherapy versus 14.1 months for interferon (HR 0.75 (0.41e1.36) ; not significant).
146
As result of numerous side-effects interferon alpha is limited in its tolerability, 136 and therefore is currently only regarded second-line biotherapy compared with somatostatin analogues.
43 53 Three randomised studies investigating a combination therapy of somatostatin analogues plus interferon alpha versus monotherapy showed a positive nonsignificant trend but failed to demonstrate superiority of the combination therapy.
145 Therefore, a priori combination therapy of somatostatin analogues with interferon alpha is not recommended. 43 However, in patients with progressive disease during monotherapy, combination therapy may be an option. 43 Currently used interferon alpha dose titration regimens and recommended monitoring for side-effects have been described elsewhere. complementing the well-characterised somatostatin receptor subtypes. The somatostatin-dopamine chimera BIM23A760 has been investigated in a phase II clinical study in patients with carcinoid syndrome (http://ClinicalTrials.gov/identifier: NCT01018953), however this trial has been terminated as preliminary study data did not support the expected drug profile.
144
Novel biotherapeutic agents
In comparison with interferon alpha, interferon beta has a much more pronounced antitumoral effect in NET cells in vitro.
155 156 Interferon beta inhibits the transcription of insulin-like growth factor (IGF) type II and the IGF-IR in neuroendocrine BON1 tumour cells.
157 This is of interest, because the IGF system plays an essential role in many different cancers including NEC, and most probably contributes to the antitumoural effects of interferon beta. 157 However, its short half-life currently prevents any clinical utility and effectiveness of interferon beta as an anticancer agent.
155 Novel strategies such as pegylated interferon beta or interferon beta gene transfer are currently being developed. An alternative established chemotherapy regimen is dacarbazine, 159 162 with a reported partial response rate of 35% in first-line chemotherapy of pancreatic NEC. 166 A combination of 5-fluorouracil, dacarbazine and epirubicine has currently been reported in a small subgroup of 16 patients with pancreatic NEC to produce a partial response rate of up to 58%.
167
Dacarbazine and temozolomide are each converted to the same active metabolite methyltriazeno-imidazole-carboxamide. 168 Temozolomide as an oral chemotherapeutic agent therefore was also evaluated in NEC. 169e171 In NEC of heterogenous primary tumour origin (pancreatic, small bowel, bronchial, thymic, others) temozolomide as a single agent caused only a partial tumour response in 5e14% and a tumour stabilisation in 53e81%, with a median overall TTP of only 7e9 months.
171
Temozolomide-based combination chemotherapies (temozolomide/thalidomide, temozolomide/bevacizumab, others) have been reported in a heterogenous subgroup of 53 patients with pancreatic NET to result in a partial tumour response in 34%.
170
Very promising data on temozolomide plus capecitabine have recently been published by Strosberg et al.
172 In a series of 30 patients with metastatic NEC of the pancreas (66% with progressive disease, 33% with newly diagnosed carcinoma) first-line chemotherapy with capecitabine (750 mg/ m 2 twice a day, days 1e14) and temozolomide (200 mg/m 2 once a day at bedtime, days 10e14) every 28 days was investigated. High efficacy of the regimen was reported, with 70% partial remissions and 27% stable disease, as well as a median PFS of 18 months and an estimated overall survival of 92% at 2 years.
172 Toxicity mostly consisted of myelosuppression, palmareplantar erythrodysesthesia, fatigue and nausea. Overall, toxicity was moderate with grade 3/4 toxicities and required dose reductions in only 12%, each.
172 Temozolomide plus capecitabine thus merits further evaluation in neuroendocrine pancreatic carcinomas in randomised, controlled clinical studies.
The DNA repair enzyme O6-methylguanine DNA methyltransferase (MGMT) contributes to the resistance of tumour cells against temozolomide. 168 173 174 In an immunohistochemical analysis of 97 NET samples (pancreas n¼37, bronchial carcinoid n¼40, small intestine carcinoid n¼20) 51% of pancreatic NET but 0% of small intestine carcinoid tumours showed MGMT deficiency.
This finding might explain the sensitivity of pancreatic NET but not of small intestine NET against temozolomide. 170 Whether MGMT deficiency is a predictive biomarker for temozolomide or dacarbazine sensitivity in NEC 169 170 needs to be addressed in future studies. Sensitising NET cells against temozolomide by depleting intracellular MGMT levels has been discussed as one possible mechanism by which capecitabine might contribute to the antitumoural synergism between capecitabine plus temozolomide.
172
Oxaliplatin-based regimens also have efficacy and may be considered as salvage chemotherapy in well-differentiated NEC.
175 176 Bajetta et al 175 reported capecitabine plus oxaliplatin in the XELOX protocol in 27 patients with well-differentiated carcinomas of different primary localisation (lung, pancreas, small intestine, others) inducing 30% partial response and 48% stable disease, with a median duration of remission of 20 months and a median survival of 40 months. Preliminary reported data with FOLFOX-6 plus bevazicumab or CAPOX plus bevazicumab merit further investigations. 177 In contrast, gemcitabine monotherapy 178 and also gemcitabineeoxaliplatin in the GEMOX protocol 176 cannot be recommended in NET.
Chemotherapy of well and moderately differentiated NEC of the jejunum/ileum NEC of the jeiunum/ileum are considered rather insensitive to conventional chemotherapeutics. Chemotherapy might only be considered for these tumour entities when all other therapeutic options have already been applied.
44
In a large series of 249 patients with carcinoid tumours of the small intestine treated with doxorubicine/5-fluorouracil, streptozotocine/5-fluorouracil or dacarbazine, Sun et al 179 reported streptozotocine/5-fluorouracil as the most efficient regimen, with 16% partial response, 15% stable disease and a PFS of only 5 months. A recent phase III trial compared chemotherapy using streptozotocin/5-fluorouracil with interferon alpha in 64 patients with progressive, metastatic carcinoid tumours of the small intestine and various other primary tumour locations. 146 Overall survival in this heterogeneous cohort was not significantly different in both groups, but there was a trend in favour of interferon alpha regarding median PFS.
146
In the retrospective UKINETS study of 360 patients with liver metastatic midgut carcinoid tumours chemotherapy was a negative prognostic predictor in the univariate analysis. 194 195 while high VEGF expression is a negative prognostic factor in various malignancies. 196 197 In patients with NEC 198 199 high VEGF expression has also been reported to be a negative prognostic factor associated with increased microvessel density, higher incidence of metastasis and tumour progression as well as shorter median PFS. 198 199 Bevacizumab, a monoclonal antibody against VEGF, significantly decreased tumour blood flow in patients with NET.
185 A prospective randomised clinical phase III study of octreotide LAR plus bevacizumab versus octreotide LAR plus interferon alpha in advanced carcinoid patients According to preliminary data presentations, 219 220 there was a 2.4-fold prolongation in median PFS with 11.0 months in the everolimus group versus 4.6 months in the placebo group (HR 0.35, p¼0.0001) .
219 220 Prolonged benefit in a subset of patients has been suggested by estimates for 18 months PFS rates being 34% (95% CI 26% to 43%) in the everolimus group versus 9% (95% CI 4% to 16%) in the placebo group.
220
In another prospective randomised clinical phase III study of everolimus plus octreotide LAR in advanced carcinoid tumours of various origin 221 The final data analysis and publication of this trial has to be awaited. Approval of everolimus for NEC is currently pending but may be expected in the near future. Common side-effects of everolimus known from approved indications and the current phase III trials include stomatitis, rash, diarrhoea, fatigue, infections, non-infectious pneumonitis, anaemia, lymphopaenia, hypercholesterinaemia, hyperlipidaemia and hyperglycaemia. Tumours may escape mTOR inhibition by paradoxical activation of survival signalling pathways.
223 Possible strategies to overcome mTOR escape are dual blockade strategies. Accordingly, current clinical phase II studies in NEC are sorafenib and everolimus (http://ClinicalTrials.gov/ identifier: NCT00942682), bevacizumab and everolimus (http://ClinicalTrials.gov/ identifier: NCT00607113) and erlotinib and everolimus (http://ClinicalTrials.gov/ identifier: NCT00843531).
IGF-IR inhibition
Various further novel strategies of targeted therapy in NEC are under development. For example, inhibition of the IGF-IeIGF-IR system decreases cell growth and promotes apoptosis in various human NET cell lines 216 224 as well as tumour control in a xenograft model. 225 Several IGF-1R antibodies and IGF-1R tyrosine kinase inhibitors are currently in clinical development for many different types of cancer.
224 Potential problems of in-vivo resistance to IGF-1R inhibition need further evaluation and caution. 226 The monoclonal antibodies against IGF-IR AMG479 (http://ClinicalTrials.gov/ identifier: NCT01024387), IMC-A12 (http://ClinicalTrials. gov/ identifier: NCT00781911) and MK-0646 (http://ClinicalTrials.gov/ identifier: NCT00610129) are currently in clinical phase II studies in patients with metastatic NEC.
How to choose the appropriate sequence of therapeutic options in inoperable carcinomas?
Prognostic factors of NEC may be helpful for clinical decisions and the determination of a therapeutic strategy. Inoperable, well-differentiated NEC with minor/moderate tumour load in an asymptomatic patient might allow an initial watch-andwait strategy with restaging every 3 months to evaluate tumour growth dynamics. 44 However, in most cases the 'wait-and-see' strategy will result in tumour progression as demonstrated by the PROMID study with a median TTP of only 6.0 months in the placebo group in therapy-naive midgut NEC. 35 The watch-and-wait strategy needs a critical re-evaluation. On the other hand, a high initial tumour load, a symptomatic patient, a higher proliferation index Ki-67 or a progressive disease will necessitate initial palliative therapy. 44 Evidence-based data on therapeutic sequence
Summary
This review discusses current standards as well as novel therapeutic strategies in advanced NEC of midgut and pancreatic origin. Especially focused issues are: < Recent comprehensive guidelines for the diagnosis and treatment of gastroenteropancreatic NET have been published by ENETS, NCCN and NANETS. < It is important to consider prognostic parameters that are also useful for therapeutic decision-making. Recommended prognostic parameters for such purposes are differing tumour biologies of NET of the jejunum/ileum and of pancreatic origin, different tumour gradings including proliferation index Ki-67, the presence or absence of distant metastases, as well as the pattern and tumour load of hepatic metastases. < Surgery of well-differentiated NEC is recommended in local/regional disease but also at distant disease with liver metastases. Resection of the primary seems feasible despite liver metastases and may be beneficial especially in NET of the jejunum/ileum, while currently not generally recommended in panreatic NET. Resection of liver metastases or debulking more than 90% of liver metastases is recommended and may improve overall survival. < Neoadjuvant and adjuvant therapeutic strategies for liver surgery of hepatic metastasised NEC are urgently needed. Further research should address this issue. < In well-differentiated NET of the jejunum/ileum, octreotide LAR in a randomised placebo-controlled study caused significantly longer time to tumour progression. Somatostatin analogues are thus no longer a standard for symptom control in functionally active tumours, but may also be considered for antiproliferative treatment in well-differentiated functional and non-functional NET of the jejunum/ileum. Results of another randomised placebo-controlled study of lanreotide autogel in enteropancreatic NET are expected in 2011. < Streptozotocin-based regimens are still the recommended chemotherapy standard in well-differentiated pancreatic NET. Temozolomide plus capecitabine may be a novel promising strategy, which merits further evaluation. Preliminary data on oxaliplatin-based regimens (eg, XELOX, CAPOX, FOLFOX) as second-line chemotherapy are promising, but further studies are needed. < SIRT with 90Y-microspheres is a novel local-ablative strategy in disseminated liver metastases. Tumour response with SIRT in NEC is comparable to results with repetitive treatment cycles of TAE or TACE. All these local ablative methods are recommended in inoperable hepatic metastases. < PRRT with 90Yttrium-DOTA-TOC, 90Yttrium-DOTA-TATE and 177Lutetium-DOTA-TATE is a promising strategy in distant metastases of NEC. PRRT seems indicated for patients with inoperable extrahepatic with or without intrahepatic tumour load with sufficient expression of somatostatin receptors. < Several novel targeted therapies are currently being investigated in well and moderately differentiated NEC. Everolimus and sunitinib have both demonstrated improved PFS against placebo in current clinical phase III trials in NEC of the pancreas. The European Medicines Agency (EMA) approved sunitinib for this new indication in 11/2010. Approval of everolimus for this new indication is currently still pending but may be expected in the near future. < Individual multimodal therapeutic strategies in patients with NEC require interdisciplinary decision-making in an institutionalised tumour board. Patients should be treated in randomised controlled studies at specialised tertiary care centres.
